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COX-2 inhibitorsAbstract A series of thirty-two furanone derivatives with their cyclooxygenase-2 inhibitory activ-
ity were subjected to quantitative structural–activity relationship analysis to derive a correlation
between biological activity as a dependent variable and various descriptors as independent variables
by using V-LIFE MDS3.5 software. The signiﬁcant 2D QSAR model showed correlation coefﬁcient
(r2) = 0.840, standard error of estimation (SEE) = 0.195, and a cross-validated squared correlation
coefﬁcient (q2) = 0.773. The descriptors involved in the building of 2D QSAR model are retention
index for six membered rings, total number of oxygen connected with two single bonds, polar sur-
face area excluding P and S plays a signiﬁcant role in COX-2 inhibition. 3D-QSAR performed via
Step Wise K Nearest Neighbor Molecular Field Analysis [(SW) kNN MFA] with partial least-
square (PLS) technique showed high predictive ability (r2 = 0.7622, q2 = 0.7031 and standard
error = 0.3660) explaining the majority of the variance in the data with two principle components.
The results of the present study may be useful in the design of more potent furanone derivatives as
COX-2 inhibitors.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Non-steroidal anti-inﬂammatory drugs (NSAIDs) are the
most frequently prescribed drugs used in the treatment ofinﬂammation, rheumatic and arthritic diseases. The mecha-
nism involves the non-selective inhibition of cyclooxygenase
(COX), thereby preventing the biosynthesis of prostaglan-
dins which are important mediators of inﬂammation as well
as homeostatic physiological function (Vane et al., 1998;
Botting, 1999). COXs exist in two isoforms, COX-1 and
COX-2 (Vane et al., 1998). Selective inhibition of COX-2
provides therapeutic beneﬁt in inﬂammation without gastric
ulceration (Kurumbail et al., 1996; Simmons et al., 2004)
leading to an improved safety proﬁle allowing the use of
these agents for long term prophylaxis in certain chronic dis-
eases (Kargman et al., 1995).
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ity were proved to possess analgesic, anti-inﬂammatory and
anti-rheumatic activities. Several QSAR works have been car-
ried out leading to the development of selective COX-2 inhib-
itors (Gupta et al., 2008; Singh et al., 2008). QSAR has been
traditionally perceived as a means of establishing correlation
between chemical structure modiﬁcations and respective
changes in biological activity (Yao et al., 2004;
Ravichandran et al., 2007; Gupta et al., 1998; Hansch and
Fujita, 1964). Traditionally, the classic 2D QSAR model is
only a rough approximation to the actual relationship as it
mainly uses 2D molecular descriptors. Attempts have been
made to incorporate 3D descriptors into QSAR model, while
stepwise kNN MFA method using V-Life M.D.S. has been
introduced (Jain et al., 2008; Fegade et al., 2009; Ajmani
et al., 2006).
The purpose of the present study was to explore the signif-
icant physiochemical parameters responsible for the anti-
inﬂammatory and antirheumatic activities of furanone deriva-
tives. Consequently 2D and 3D QSAR analyses were carried
out by multiple linear regressions (MLRs) and partial least
square (PLS) techniques, respectively.
2. Experimental section
2.1. Materials and methods
A dataset of thirty-two furanone derivatives (Sing et al., 2004;
Lau et al., 1999) for their COX-2 inhibitory activity have been
taken for present QSAR work given in Table 1. All molecular
modeling techniques including 2D and 3D QSAR studies
described herein were performed on molecular modeling soft-
ware V-Life MDS 3.5 (V-Life Sciences). Each structure of
the 32 furanone derivatives was built on a workspace, fully
geometrically optimized using standard Merck molecular force
ﬁeld (MMFF) with a distant dependent (1/r) dielectric function
and energy gradient correlation ratio of 0.001 kcal/mol. In 3D
QSAR, structure alignment is the most subjective and critical
step, because earlier studies showed that the resulting 3D
QSAR model is often sensitive to the particular alignment
technique. Compounds having highest pIC50 values were
selected as the template molecules and each molecule had to
be superimposed onto the template molecule (template based
alignment). These aligned molecules were placed into a three
dimensional cubic lattice of the 2 A˚ grid. The electrostatic
and steric ﬁelds were generated at each grid point using methyl
probe (sp3 hybridized) of charge +1 by the kNN method with
default energy of 30 and 10 kcal/mol respectively and partial
atomic charges were generated using the Gasteiger–Marsii
method.
2.2. Descriptors
2D QSAR study was performed using 239 physiochemical,
alignment independent and atom type descriptors. The various
2D descriptors were individual, retention index (chi), atomic
valence connective index (chiv), path count, chi chain, chiv
chain, chain path count, cluster, path cluster, kappa, element
count, dipole moment, distance based topological, estate num-
ber, estate contributions, information theory index, semi
empirical, hydrophobicity XlogpA, hydrophobicity XlogpK,hydrophobicity SlogpA, hydrophobicity SlogpK, polar surface
area, alignment independent and atom type descriptors class.
In 3D QSAR, electrostatic and steric ﬁelds were generated
around the aligned molecules in the grid. Negative value in
electrostatic ﬁeld descriptors (blue points in the dialog box)
indicates that negative electronic potential is favorable for
activity and more electronegative substituent groups are pre-
ferred at that position, and a positive electronic potential range
indicates vice-versa. Negative range in steric ﬁeld (green points
in the dialog box) signiﬁes that negative steric potential is
required for activity and a less bulky substituents group is pre-
ferred in that region, a positive value of steric descriptors
reveals that a positive steric potential is favorable for increase
in activity and the more bulky group is preferred in that
region.2.3. Regression analysis
Models were generated using the multiple regression technique
for 2D and the partial least square analysis technique for 3D
QSAR study. The optimal training and test sets were selected
by random selection method which uses the ratio of training to
validation objects (test set) as 70%: 30% (Coi et al., 2009). The
cross-validation analysis was performed using the leave-one-
out method. The cross-correlation limit was set at 0.5 and
the term selection criteria is r2. F value was speciﬁed to evalu-
ate the signiﬁcance of a variable. The higher the F value, the
more stringent was the signiﬁcance level. The variance cutoff
was set at 0.0, and scaling was auto scaling in which the num-
ber of random iterations was set at 100. The following statisti-
cal parameters were considered for comparison of the
generated QSAR models: correlation coefﬁcient (r), squared
correlation coefﬁcient (r2), internal cross validation (q2), pre-
dictive r2 for external test set (pred_r2) for external validation,
and Fischer’s (F). Internal validation was carried out using
leave-one-out (LOO) method. For calculating q2, each mole-
cule in the training set was eliminated once and the activity
of the eliminated molecule was predicted by using the model
developed by the remaining molecules.
The q2 was calculated using the equation which describes
the internal stability of a model
q2 ¼ 1
P ðyi  y^iÞ2
P ðyi  ymeanÞ2
ð1Þ
where yi, and y^i are the actual and predicted activities of the ith
molecule in the training set, respectively, and ymean is the aver-
age activity of all molecules in the training set.
The pred_r2 value indicates the predictive power of the cur-
rent model for the external test set which is calculated as
follows
pred r2 ¼ 1
P ðyi  y^iÞ2
P ðyi  ymeanÞ2
ð2Þ
where yi and y^i are the actual and predicted activities of the ith
molecule in the test set, respectively, and ymean is the average
activity of all molecules in the training set. Both summations
are overall molecules in the test set.
Table 1 Structures and COX-2 inhibitory activity of furanone derivatives.
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Table 1 (continued)
Compound no. X HET R pIC50(lM)
2i O N H 1.698
2j O
N
H 1.698
2k O
N
CI
H 1.522
2l O
N Cl
H 0.481
2m O
N
CI
H 0.173
2n O
N
CICI
H 0.462
2o O
N
H 0.259
2p O
N
H 0.207
2q O
N
F
H 0.568
2r O
N
Br
H 0.585
3a O
N
3-F 0.920
3b O
N
3,4-di F 1.698
3c O
N
2,4-di F 0.455
3d O
N
4-F 1.045
3e O
N
3,5-di F 1.397
3f O
N
4-Cl 0.824
3g O
N
4-Me 1.523
3h O
N
3-Me 1.398
3i O
N
2-Me 1.699
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Table 2 Unicolumn statistics of the training and test sets.
Data set Average Max. Min. Std. Dev. Sum
2D QSAR
Training 1.1970 2.0000 0.4620 0.6911 29.924
Test 0.7965 1.5230 0.2080 0.4974 5.5690
3D QSAR
Training 1.0352 2.0000 0.4624 0.7139 22.7746
Test 1.3060 1.6990 0.2596 0.5424 10.4481
Table 3 Parameters value for the best 2D and 3D QSAR models generated.
Model r2 q2 SE (r2se) pred_r2 F-value Descriptors
2D QSAR 0.840 0.773 0.195 0.618 36.852 chi6, SssO, PSA excluding P&S
3D QSAR 0.762 0.703 0.366 0.635 30.446 E_545, E_275, E_510, E_662
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3.1. 2D results
QSAR studies on furanone series resulted in several QSAR
equations using the multiple linear regression technique. Selec-
tion of test and training sets was based on uni-column statis-
tics. Twenty-ﬁve compounds were placed in the training set
and seven (1b, 2k, 2o, 2p, 3a, 3c, and 3d) compounds in the test
set. Test and training sets were chosen randomly such that low,
moderate and high-activity compounds were present in
approximately the same proportions in both sets, which were
conﬁrmed by the results of uni-column statistics. The uni-col-
umn statistical analysis is summarized in Table 2. The uni-col-
umn statistics showed that the results are interpolative (i.e.
derived within the minimum–maximum range of the training
set).
The best equation obtained by multiple linear regressions is
summarized here:
Logð1=IC50Þ ¼ 15:182ð2:4221Þchi6þ 0:951ð0:0468ÞSssO
 0:0321ð0:0148Þ PSA excluding P&Sþ 4:648:
Degrees of freedom= 21, n= 25, r2 = 0.840, q2 = 0.773, F
test = 36.852, r2se = 0.195, q2se = 0.252, pred_r2 = 0.618,
pred_r2se = 0.158 (Table 3).Contribution Chart
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Figure 1 Contribution chart of descriptors in 2D QSAR model.IC50 is the molar concentration of the drug required for
50% inhibition of the COX-2 enzyme; n= number of data
points; r2 = squared correlation coefﬁcient; SE = standard
error of regression; F= F-ratio of calculated-to-observed
value variances; q2 = crossvalidated r2; pred_r2 = external
validation; chi6chain = retention index for six membered
rings, SssOcount = total number of oxygen connected with
two single bonds, PSA excluding P&S = polar surface area
excluding P&S.
Above model was chosen as the best model as it showed a
good correlation coefﬁcient of 0.840 which explains 84% of the
variance. The model showed an internal predictivity
(q2 = 0.773) of 77% and a predictivity for the external test
(pred_r2 = 0.618) of 61%. The overall statistical signiﬁcance
level was found to exceed 99.9% with F= 36.852. The contri-
bution of descriptor chart selected is mentioned in Fig. 1,
which signiﬁes the positive contribution of SssOcount (total
number of oxygen connected with two single bonds), negative
contribution of chi6chain (retention index for six membered
ring) and polar surface area toward the biological activity.
The calculated and predicted (LOO) activities of the com-
pounds by the above models are shown in Table 4. The graph
between observed and predicted (LOO) activities is presented
graphically in Fig. 2.
3.2. 3D results
In the present study the furanone derivative having the highest
pIC50 (compound no. 2b) served as a template and each mole-
cule was superimposed on the template via ﬁeld ﬁt alignment
(Fig. 3). 3D QSAR model was derived using the kNN descrip-
tors as independent variables and COX-2 inhibitor activity as a
dependent variable. 3D-QSAR models were built in V-Life
Molecular design Software using SWkNN method. Various
models have been developed by changing training and test
set data. The best selected model included compound no. 1a,
2d, 2o, 3b, 3d, 3g, 3i set as test set data, while the remaining
are training set compounds and 2i and 2q were removed as
outliers. The results of uni-column statistics are summarized
in Table 2, which shows that the test is interventive.
The ﬁnal model was developed using the partial least square
technique with an optimum number of components which
Table 4 The actual and predicted activities of the compounds by the above models.
Compound no. Act. pIC50 2D results MLR 3D results PLS
Pred. pIC50 Res. pIC50 Pred. pIC50 Res. pIC50
1a 1.699 1.3786 0.3204 1.561 0.138
1b 1.155 0.7242 0.4308 0.886 0.269
1c 0.301 0.338 0.037 0.296 0.005
1d 0.523 0.7242 0.2012 0.841 0.318
1e 0.222 0.0162 0.2382 0.795 0.573
2a 1.699 1.6519 0.0471 0.774 0.925
2b 2.000 1.8948 0.1052 1.927 0.073
2c 1.699 1.8948 0.1958 1.100 0.599
2d 1.699 1.6519 0.0471 2.024 0.325
2e 1.398 1.8948 0.4968 1.296 0.102
2f 2.000 1.6519 0.3481 1.728 0.272
2g 1.699 1.6519 0.0471 1.607 0.092
2h 1.699 1.6519 0.0471 1.529 0.17
2i 1.699 1.6519 0.0471 * *
2j 1.699 1.8948 0.1958 1.668 0.031
2k 1.523 1.8948 0.3718 1.507 0.016
2l 0.481 0.2227 0.2583 0.678 0.197
2m 0.174 0.2227 0.0487 0.161 0.013
2n 0.462 0.1741 0.2879 0.196 0.266
2o 0.260 0.585 0.325 0.736 0.476
2p 0.208 0.585 0.377 0.039 0.247
2q 0.569 0.9818 0.4128 * *
2r 0.585 0.9818 0.3968 0.733 0.148
3a 0.921 0.9818 0.0608 1.189 0.268
3b 1.699 1.2551 0.4439 1.147 0.552
3c 0.456 1.2551 0.7991 0.765 0.309
3d 1.046 1.2551 0.2091 1.477 0.431
3e 1.398 1.498 0.1 1.575 0.177
3f 0.824 1.2551 0.4311 1.081 0.257
3g 1.523 1.2551 0.2679 1.381 0.142
3h 1.398 1.2551 0.1429 1.953 0.555
3i 1.699 1.2551 0.4439 1.891 0.192
Notes: * – outliers, Act. pIC50 – actual activity, Pred. pIC50 – predicted activity, Res. pIC50 – residual activity.
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Figure 2 Correlation of actual and predicted activities in 2D
QSAR model.
Figure 3 Aligned furanone molecules by template based
alignment.
982 R. Bhatiya et al.yields the highest q2. Selection of best model was performed on
the basis of statistical parameters of the models.
For the selected kNN MFA model, the cross-validated r2
(q2) value of the training set was 0.703 with two principal com-
ponents and standard error 0.409. The non-cross-validated r2
value was 0.762 with standard error 0.366 and covariance ratio
(F) of 30.446 (signiﬁcant at 99% level). The predictive ability
of model was also conﬁrmed by external pred_r2 having thevalue 0.635 (Table 3). The correlation between experimental
and predicted activities for both training and test sets of com-
pounds are shown in Table 4 and represented graphically in
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Figure 4 Correlation of experimental and predicted activities in
3D QSAR model.
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Figure 5 Contribution chart of steric and electrostatic param-
eters in 3D QSAR model.
Figure 6 Model summary dialog box generated by [(SW) kNN
MFA] method in 3D QSAR model shows steric and electrostatic
regions.
Figure 7 kNN MFA contour plots for steric and electrostatic
regions. Green counters (S) indicate the steric region, whereas blue
counters (E) indicate region where electrostatic contributions are
required.
QSAR analysis of furanone derivatives as potential COX-2 inhibitors 983Fig. 4 respectively. In kNN MFA model, the electrostatic
parameter accounts for 100%. Contributions of electrostatic
ﬁelds are shown in Fig. 5. The model summary dialog box,
showed the relative positions of the local ﬁelds around the
aligned molecule which were important for the activity varia-
tion in the model given in Figs. 6 and 7. In the dialog box,
green points indicate the steric region and blue indicates the
electronic region. Negative coefﬁcients (0.0996, 0.0702,0.0992) at positions E_545, E_275, E_510 respectively indi-
cate that more electronegative groups like CF3, Cl, F, Br must
be substituted at those positions while a positive coefﬁcient
(0.0639) at E_662 indicates that substitution of less electroneg-
ative group is favorable for activity.
4. Conclusions
The QSAR studies resulted in some signiﬁcant 2D and 3D
QSAR models. 2D QSAR model result showed the positive
contribution of oxygen atoms and negative contribution of
polarity and retention index toward biological activity. How-
ever 3D QSAR model showed only electrostatic constraint to
be essential for biological activity. Hence, these models are
very helpful for further optimization of anti-inﬂammatory
activities. The current study provides better insight into the
designing of more effective COX-2 inhibitors before their
synthesis.
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